The behaviour of a series of N-substituted 3,4-pyridinedicarboximides under electron impact at 70 eV is analyzed. Compounds under study were divided into three groups: 3,4-pyridinedicarboximidoacetic, -3,4-pyridinedicarboximidopropionic and -3,4-pyridinedicarboximidobutyric acid derivatives (compounds 1, 2 and 3 respectively), which in turn determine the dominant fragmentations. The proposed fragmentation patterns are supported by HRMS and tandem mass spectrometry. Results are in some cases compared to data from the related 2,3-pyridinedicarboximides 4.
Introduction
Mass spectrometry (MS) is a widely employed method for characterization and structural determination of organic compounds. Its advantage over other spectroscopic methods is that it requires a minimal amount of substance. On the other hand, contaminated samples or mixtures of compounds can be analyzed in equipments where mass spectrometry is combined with chromatographic methods without previous purification. From its early days, this method has been effectively employed for the structural characterization of aromatic cyclic imides. In particular, fragmentation of phthalimides under electron impact (EI) 1 was extensively studied among them. Recently we have focused our attention in analogous imides with pyridine nucleus. Thus, the behavior of a series of N-substituted 2,3-pyridinedicarboximides under EI at 70 eV was analyzed. 2 Ongoing with our research line, we were interested in evaluating the behavior of the isomeric 3,4-pyridinedicarboximides. Although they proved to be interesting as synthetic intermediates 3 and by the biological activity observed for some terms, 4 MS of such compounds, has almost not been studied. Bentley and Johnstone described spectra of N-methyl and N-phenyl-3,4-pyridinedicarboximides and concluded that such compounds undergo fragmentation mainly by expulsion of molecules from molecular ion: formimine in N-methyl derivative and phenyl isocyanate in N-phenyl derivative. 1a We present in this work special features of mass spectra under EI of a series of N-functionalized alkyl 3,4-pyridinedicarboximides. We had special interest in the behavior of the corresponding -imidoalkanoic acids and their derivatives (esters, amides and related ketone). For a better analysis of their fragmentation, compounds under study were divided into three groups: 3,4-pyridinedicarboximidoacetic acid, -(3,4-pyridinedicarboximido)propionic acid and -(3,4-pyridinedicarboximido)butyric acid derivatives (compounds 1, 2 and 3 respectively) ( Figure 1) . In order to observe the influence of pyridine nitrogen position, results were compared in some cases with the corresponding 2,3-pyridinedicarboximide derivatives 4.
Proposed fragmentation pathways are supported on high resolution mass spectrometry (HRMS) data and MS/MS experiments of selected compounds. 
Results and Discussion

3,4-Pyridinedicarboximidoacetic acid (1a)
Mass spectrum of acid 1a displays M +· of low abundance (3%) ( Table 1 ) and presents two characteristic peaks at m/z 161 and 162 which relative intensities vary according to the electron energy employed. HRMS shows that ion at m/z 161 (base ion) corresponds to formula C8H5N2O2, so stabilized iminium ion A structure is assigned. Further degradation explains the presence of ions at m/z 134, 106, 78 and 51 as the result of successive expulsion of HCN, 2 CO and HCN again (Scheme 1).
HRMS of the m/z 162 ion shows that it corresponds in composition to C8H6N2O2 originated from molecular ion decarboxylation. Structure B arising from a rearrangement which involves carboxyl hydrogen transfer to imide nitrogen with simultaneous cleavage of side chain C-C bond is proposed. Similar rearrangements were observed for 2,3-pyridinedicarboximidoacetic acid 4a 2 and other N-substituted imides 1c,5 and require the presence of a -hydrogen to imide nitrogen. Other probable structure would be that corresponding to N-methyl-3,4-pyridinedicarboximide molecular ion. However, absence of ions at m/z 133, 118 and 105, characteristic of such compound 6 allows us to discard it. MS/MS experiments show that degradation of m/z 162 ion involves loss of hydrogen radical leading to iminium ion A (m/z 161). This pathway (B  A) accounts for differences In order to observe the influence of pyridine nitrogen position, it is convenient to compare above results with those from isomeric acid 4a described in our previous paper. 2 It was observed in this compound that both primary fragmentations leading to the corresponding ions at m/z 161 (A') and 162 (B'), and B'  A' conversion are similar to that of compound 1a (Scheme 1).
However, the presence of pyridine nitrogen adjacent to imide carbonyl favors decarbonylation of such ions. Thus, expulsion of CO from ions at m/z 161 (A') and 162 (B'), coming from compound 4a, leads initially to ions at m/z 133 and 134 respectively. Subsequent degradation of m/z 134 ion leads to pyridine odd electron (m/z 79) as the result of CO and HCN expulsion with a double hydrogen transfer to pyridine nucleus. 8 On the other hand, decarbonylation is not observed in the fragments A and B generated from acid 1a.
Alkyl 3,4-and 2,3-pyridinedicarboximidoacetates (1b,c and 4b-d)
The most important ions of esters 1b,c and 4b-d are depicted in Tables 1 and 2 The main fragmentation pathway involves loss of RO · by homolytic cleavage originating acylium ion at m/z 189, always present although with low intensity, which allows to determine the nature of alkyl group (Route a). Subsequent expulsion of CO generates the corresponding iminium ions (A and A', base ions) and ions derived from them. Ethyl 1c and 4c and isopropyl 4d ester spectra show m/z 162 ions (25-52%) assigned to structures B and B'. The presence of such ions is probably the result of a McLafferty rearrangement of esters having hydrogen to carbonyl leading to the 1a and 4a molecular ions (m/z 206) (Route b). Although spectra of those compounds at 70 eV do not show these ions, spectrum of 1c recorded at 20 eV shows a low intensity peak at m/z 206 (5%), endorsing route b. 9 On the other hand, experimental results performed with isopropyl ester 4d, having two methyls capable to transfer their hydrogens in a McLafferty rearrangement generating 4a molecular ion, also support the route b. Thus, when 4d spectra were recorded using different electron been energy, abundances of ions at m/z 162, 134 and 79 (in relation to that of m/z 161 ion) increase as electron energy decrease following the behaviour observed for acid 4a. 10 All esters also present ions at m/z 105 (C6H3NO), 77 (C5H3N) and 50 (C4H2), common in this type of pyridine derivatives, which probably result from other fragmentation pathways of M +· (Scheme 2).
3,4-Pyridinedicarboximidoacetamides (1e,f)
Decomposition of amides 1e,f reflects the strong tendency of carboxamide nitrogen to undergo reactions originating ions with charge retention (Table 3) . Three primary fragmentation pathways are observed in the spectra, depicted in Scheme 3. Route b begins by the loss of RO · (-cleavage) leading to acylium ion at m/z 203, for which two fragmentation pathways are proposed (Scheme 6). In the first one, ketene is eliminated leading to a prominent iminiun ion A (m/z 161) (79-83%) and ions derived from them (Scheme 1). In the second one, two molecules of CO are subsequently lost, thus justifying the presence of ions at m/z 175 and 147.
Formation of m/z 148 ion, for which structure C is proposed, is probably due to a McLafferty rearrangement (Route c) as the result of a hydrogen transfer from the alkyl side chain to the imide carbonyl group with charge retention on the imide moiety. Thus, the required presence of hydrogen on a -carbon to imide nitrogen is responsible for the appearance of such ions in this series and not in compounds Although less abundant, spectrum also displays characteristic peaks resulting from hydrogen transfer from trimethylene side chain to imide nucleus: ion C at m/z 148 resulting from a McLafferty rearrangement (Route c) as in the previous series, and the protonated imide D at m/z 149 (Route d). Such ion can be proposed to originate through a double hydrogen transfer, from -and -carbon atoms of the alkyl chain and C-N bond cleavage. Benzoylmethyl-3,4-and 2,3-pyridinedicarboximides (1g and 4g ) Ketone 1g and 4g fragmentations (See Experimental Section) are as expected according to their phenyl ketone character, leading to base ions at m/z 105 corresponding to C6H5CO + . Instead, the -cleavage leading to iminium ions A,A', is in both cases of low importance. The only observable difference between both compounds is the presence in 4a spectrum of an ion at m/z 238, of low abundance but easily recognized, corresponding to M +· decarbonylation. This fact is again related to the presence of pyridine nitrogen adjacent to imide carbonyl. The effect is in agreement with other substituted pyridine compounds in which differences are observed with substituents in the -and -positions. 
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Experimental Section
General. Mass spectra were obtained operating under electron impact at 70 eV unless otherwise indicated. Low resolution mass spectra at were recorded with a GC-MS Shimadzu QP-1000 spectrometer. High resolution mass spectra, were acquired with a model GCT (Waters, Milford, MA, USA), operating at a 8000 resolving power (50% valley definition) using heptacose (m/z 219) as the reference compound. Samples were dissolved in chloroform or methanol and introduced into the spectrometer through a gas chromatograph Agilent, model 6890N (injector temperature: 300 ºC, initial temperature: 100 ºC, temperature "ramp": 20 ºC /min, final temperature: 300 ºC). Spectra at 20 and 35 eV were recorded in the GCT spectrometer (Waters) or in a Thermo DSQ II spectrometer. MS/MS analysis were obtained with a triple quadrupole 1200L (Varian, Walnut Creek, CA, USA) associated to a chromatograph Varian 3800. The conditions are: ionizing energy, 70 eV; collision gas: argon at a pressure of 2.04 mTorr; collision energy: 16v. Compounds 1a,4a, 16 1c,1e-g 3d and 4b-d,g 17 were synthesized according literature procedures. Preparation and analytical characterization of new compounds are described below. Melting points were taken on a Büchi capillary apparatus and are uncorrected. The 1 H-and 13 C-NMR spectra were recorded on a Bruker MSL 300 MHz spectrometer employing TMS as internal reference. Deuteriochloroform or DMSO-d6 were used as the solvent, and the standard concentration of the samples for 1 H-NMR was 10 mg/mL and 25 mg/mL for 13 C-NMR. Chemical shifts are reported in ppm () relative to TMS as an internal standard. Splitting multiplicities are reported as singlet (s), broad signal (br s), doublet (d), triplet (t), quartet (q), and multiplet (m).
Methyl 3,4-pyridinedicarboximidoacetate (1b).
A mixture of 3,4-pyridinedicarboximide (148 mg, 1 mmol), triethylamine (0.56 mL, 4 mmol), methyl chloroacetate (0.11 mL, 1.2 mmol) and DMF (2 mL) was heated for 3 h in an oil bath (65 °C). The reaction mixture was poured into ice-water and the resulting solid filtered, washed with water and recrystallized. Yield 62%; mp 61-63 ºC (from 2-propanol); 
